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Heritability of Drought Resistance
Traits and Correlation of Drought Resistance
and Agronomic Traits in Peanut
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ABSTRACT

Inheritance of traits is important for develop-
ing effective breeding schemes for improving
desired traits. The aims of this study were to esti-
mate the heritabilities (h?) of drought resistance
traits and the genotypic (r;) and phenotypic (ry)
correlations between drought resistance traits
and agronomic traits, and to examine the rela-
tionships between drought resistance traits
under stressed and nonstressed conditions.
The 140 lines in the F,, and F,, generations
from four peanut (Arachis hypogaea L.) crosses
were tested under field capacity (FC) and two-
thirds available soil water (2/3 AW) in two field
experiments. Data were recorded for specific
leaf area (SLA), SPAD chlorophyll meter read-
ing (SCMR), and biomass, pod yield, harvest
index, number of mature pods per plant, seed
per pod, and seed size. The h? for biomass, pod
yield, DTI (drought tolerance index) (pod yield),
DTl (biomass), HI, SLA, and SCMR were high
for all tested crosses (0.54-0.98). The r, (-0.61
and -0.66) and r, (-0.61 and -0.66) between
SLA and SCMR were strong and negative under
2/3 AW and FC. Under 2/3 AW conditions,
SCMR was positively correlated with pod yield
and seed size. Compared to SLA, SCMR had
higher r, and r, with pod yield, biomass, and
other agronomics traits. Significant correlations
between FC and 2/3 AW conditions were found
for pod yield, biomass, SCMR, and SLA, indicat-
ing that these traits could be selected under FC
or 2/3 AW conditions. SPAD chlorophyll meter
reading, which is easy to measure, is potentially
useful as a selection trait for drought resistance
because of high h? and positive correlation with
pod yield and agronomic traits.
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DROUGHT IS THE major abiotic constraint affecting peanut (Ara-
chis hypogaea L.) productivity and quality worldwide. Two-
thirds of the global production occurs in rain-fed regions of the
semi-arid tropics where rainfall is generally erratic and insufficient,
causing unpredictable drought stress, the most important constraint
for peanut production (Wright and Nageswara Rao, 1994; Reddy
et al., 2003). Even peanut grown under irrigation may experience
drought because of limited water supply or because irrigation water
is applied in amounts at frequencies less than optimal for plant
growth. Improving water access and management are practically
difficult since water is a scarce resource. Therefore, breeding for
drought resistance is an important strategy in alleviating the prob-
lem and offers the best long-term solution. Selection of segregating
populations under stress conditions has been a standard approach
for developing cultivars with improved stress tolerance. While
direct selection for yield under stressed conditions can be effec-
tive, the limitations of this approach are high resource investment
and poor repeatability of the results due to the large genotype X
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environment (GXE) interaction that results in slow breed-
ing progress (Wright et al., 1996).

More rapid progress may be achieved by using physi-
ological traits (Nigam et al., 2005) such as harvest index
(HI) or water use efficiency (WUE), specific leat area
(SLA), and SPAD chlorophyll meter reading (SCMR).
Both SLA and SCMR have been used as surrogate traits for
WUE (Wright et al., 1994; Nageswara Rao and Wright,
1994; Sheshshayee et al., 2006; Nigam et al., 2005). In a
biological model, yield is explained to be a function of
water transpired, WUE, and HI (ratio of economic yield
to total biomass produced) (Passioura, 1986). Water use
efficiency, defined as total biomass production per unit
of water transpired, is not an easy trait to measure and,
therefore, is not practical for use in large-scale breeding
programs for improving drought tolerance.

Water use efficiency is negatively correlated with leaf
carbon isotopic composition (A) in a range of crop spe-
cies, including peanut (Farquhar et al., 1982; Hubick et
al., 1986; Wright et al., 1988, 1994). While measurement
of A is rapid, it is an expensive technique and may not
be feasible in large segregating breeding populations, par-
ticularly in developing countries. Specific leaf area, the
ratio of leaf area to leaf dry weight, is negatively related to
leaf thickness and A and hence WUE, over a wide range
of cultivars and environments in peanut (Wright et al.,
1994; Nageswara Rao and Wright, 1994). Significant and
high correlations between SLA and ribulose 1-5 bisphos-
phate carboxylase (Rubisco) (Nageswara Rao et al., 1995)
suggested that photosynthetic capacity per unit leaf area
is the major factor contributing to variation in WUE in
peanut. There are a few published reports suggesting the
predominant role of additive gene effects in SLA inheri-
tance (Nigam et al., 2001; Surihan et al., 2005). Heritabil-
ity estimation of water transpired, transpiration efficiency
(TE), and HI has been reported that varied between
crosses and traits (Cruickshank et al., 2004).

Nageswara Rao et al. (2001) reported significant cor-
relations among SCMR,, SLA, and specific leaf nitrogen. A
strong and positive relationship between SCMR and WUE
was found in peanut (Sheshshayee et al., 2006). Specific
leaf area and SCMR are negatively correlated (Nageswara
Rao et al., 2001; Upadhyaya, 2005). Upadhyaya (2005) also
reported genetic variation for SCMR in peanut.

Information on the inheritance of HI, SLA, and
SCMR and the genetic correlations among these traits
will be useful for planning a suitable breeding strategy
for improving drought tolerance. Drought can alter the
heritability estimates of these traits; therefore, genetic
gain through conventional selection may be different
under drought and well-watered conditions. Genetic cor-
relations between drought resistance traits and agronomic
traits have to be studied in details under drought and well-
watered conditions to evaluate correlated responses to

selection of drought resistance traits on agronomic traits.
Objectives of this study were to estimate (i) the heritabili-
ties of drought resistance traits, (ii) the genotypic and phe-
notypic correlations between drought resistance traits and
agronomic traits in peanut under different water levels,
and (iii) the relationship between drought resistance traits
under stressed and nonstressed condition.

MATERIALS AND METHODS

Genetics Materials

Four peanut F, hybrids (ICGV 98308 x ‘KK60-3°, ICGV 98324
X KK60-3, ICGV 98308 X ‘Tainan 9°, and ICGV 98324 X Tainan
9) were generated from the hybridization of two drought-resis-
tant lines (ICGV 98308 and ICGV 98324; medium-maturing
[110 d to maturity] and medium-seeded type), selected for low
yield reduction, with two high-yielding cultivars, KK60-3 (late-
maturing [120 d to maturity] and large-seeded type) and Tainan
9 (early-maturing [100 d to maturity] and medium-seeded type).
ICGV 98324 and KK 60-3 are know to have high SCMR and
low SLA, ICGV 98308 has moderate SLA and moderate SCMR,
and Tainan 9 has high SLA and low SCMR under both stressed
and nonstressed conditions. The F, seeds were planted and their
seeds harvested in bulk for each cross. In the F, and F, gen-
erations, two pods were kept for each plant and bulked for each
cross. Line separation was performed in the F, generation. A total
of 140 lines (35 lines for each cross) were randomly selected and
multiplied in the F; and F, generation.

The 140 families from four crosses were evaluatedin the F
and F ¢ generations (F,—derived lines in the F, and F genera-
tions, respectively) under two soil moisture levels, field capac-
ity (FC) and two-thirds available soil water (2/3 AW), for 2 yr
in dry season 20052006 and 2006—2007. A split-plot design
with four replications was used for both years at the Field Crop
Research Station, Faculty of Agriculture Khon Kaen Univer-
sity, located in Khon Kaen province, Thailand (16°28’ latitude,
102°48" longitude, 200 m above sea level) during November
2005 to March 2006, and repeated during November 2006
to April 2007. Soil type is Yasothon series (loamy sand, Ocix
Paleustults), with an FC soil moisture of 11.0% and permanent
wilting point of 4.6%. Two soil moisture levels, FC (11.0%)
and 2/3 AW (8.8%), in 0 to 60 cm depth were assigned as main
plots, and peanut lines were laid out in subplots. Each entry
was planted in five row plots 3.2 m long. Spacing was 50 cm
between rows and 20 cm between hills within the row.

Crop Management

Land was prepared for planting by plowing three times. Lime
(625 kg ha™), phosphorus fertilizer as triple superphosphate (24.7
kg P ha™), and potassium fertilizer as potassium chloride (31.1
kg K ha™) were applied before planting. Seeds were treated with
captan [3a,4,7,7a-tetrahydro-2-[(trichloromethyl)thio]-1H-isoin-
dole-1, 3(2H)-dione] at the rate of 5 g kg™! seed before plant-
ing, and seeds of the large-seeded genotypes were also treated
with ethrel (2-chloroethylphosphonic acid) 48% at the rate of
2 mL L' water to break dormancy. Three to four seeds were
planted per hill, and the seedlings were thinned to two plants per
hill at 14 d after sowing (DAS). Rhizobium was applied to the
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seed by applying a water-diluted commercial peat-based inocu-
lum of Bradyrhizobium (mixture of strains THA 201 and THA
205; Department of Agriculture, Ministry of Agriculture and
Cooperatives, Bangkok, Thailand) on the rows of peanut plants.
Weeds were controlled by an application of alachlor [2-chloro-2’,
6'-diethyl-N-(methoxymethyl) acetanilide 48%, w v, emulsi-
fiable concentrate] at the rate of 3 L ha™' at planting and hand
weeding during the remainder of the season. Gypsum (CaSO,)
at the rate of 312 kg ha™ was applied at 45 DAS. Carbofuran
(2,3-dihydro-2, 2-dimethylbenzofuran-7-ylmethylcarbamate,
3% granular) was applied at the pod-setting stage. Pests and
diseases were controlled by weekly applications of carbosulfan
[2-3-dihydro-2,2-dimethylbenzofuran-7-yl (dibutylaminothio)
methylcarbamate 20% w v, water soluble concentrate] at 2.5
L ha™', methomyl [S-methyl-N-((methylcarbamoyl) oxy) thio-
acetimidate 40% soluble powder] at 1.0 kg ha™ and carboxin
[5,6-dihydro-2-methyl-1,4-oxathiine-3-carboxanilide 75%
wettable powder] at 1.68 kg ha™’.

A subsoil drip-irrigation system (Super Typhoon, Netafim
Irrigation Equipment & Drip Systems, Israel), with a distance
of 20 ¢cm between emitters was installed with a spacing of 50
cm between drip lines at 10 cm below the soil surface mid-
way between peanut rows and fitted with a pressure valve and
water meter to ensure a uniform supply of measured amounts
of water across each plot. Soil moisture was initially maintained
at field capacity (102.63 mm in 60 cm depth) until 21 DAS in
all treatments to support crop establishment. After 21 DAS, the
2/3 AW treatment was imposed by withholding irrigation until
the soil moisture at 0 to 60 cm of soil depth was reduced to the
predetermined levels of 82.57 mm at 60 cm depth. Afterward,
soil moistures for the stress treatment was allowed to gradually

(a) I Rain

decline until reaching the predetermined levels of 2/3 AW at 0
to 60 cm at 28 DAS, then held more or less constant until har-
vest. In maintaining the specified soil moisture levels, water was
added to the respective plots by subsurface drip irrigation based
on crop water requirement and surface evaporation, which were
calculated following the methods described by Doorenbos and
Pruitt (1992) and Singh and Russell (1981), respectively.

Total crop water use for each water treatment was calcu-
lated as the sum of transpiration and soil evaporation. Transpira-
tion was calculated using the methods described by Doorenbos
and Pruitt (1992):

ET =ETK
crop (S
where ET __is crop water requirement (mm d™'), ET is evapo-
crop o

transpiration of a reference plant under specified conditions cal-
culated by pan evaporation method, and K_ is the crop water
requirement coefficient for peanut, which varies with genotype
and growth stage (Doorenbos and Kassam, 1986). Surface evap-
oration (E) was calculated as (Singh and Russell, 1981)
E = B(E /1)

where E_is soil evaporation (mm), 3 is light transmission coef-
ficient measured depending on crop cover, E_ is evaporation
from class A pan (mm d™"), and ¢ is days from the last irrigation
or rain.

Data Collection

Weather Parameters

Weather data for both years were obtained from a meteorologi-
cal station about 30 m away from the experimental site and are
presented in Fig. 1.
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Figure 1. Rainfall, evaporation (E,

Day after sowing

O

2005-2006 and (c, d) 2006—2007 in Khon Kaen, Thailand.

Day after sowing

), relative humidity (RH), maximum and minimum air temperature, and solar radiation (SR) in (a, b)
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The field trials were conducted during the dry seasons from
November 2005 to March 2006 and November 2006 to April
2007. There was maximum rainfall (13.0 mm) at 95 DAS in
the dry season 2005-2006, and (39 mm) at 97 DAS in the dry
season 2006-2007 (Fig. 1). The seasonal mean maximum and
minimum air temperature ranged between 32.0°C and 20.0°C
in 2005-2006 and 33.0°C and 20.0°C in 2006-2007. Daily pan
evaporation ranged from 2.8 to 9.6 mm in 2005-2006 and 2.9
to 9.8 mm in 2006—2007. Seasonal mean solar radiation was 16.7
MJ m™ d™" in 2005-2006 and, 18.8 MJ m™ d™" in 2006-2007.

Soil Moisture Status

Soil moistures were measured by the gravimetric method at
planting and harvesting at the depths of 0 to 5, 25 to 30, and
55 to 60 cm. The measurement at planting was for calculating
the correct amount of water to be applied to the crop, and the
measurement at harvest was for calculating the water use of the
crop. The soil water status was also monitored at 7-d intervals
using a neutron moisture meter (Type I.H. II SER. No. N0152,
Ambe Didcot Instruments Co., Abingdon, Oxon, UK). Six-
teen-second neutron moisture meter readings were made at
least weekly from a depth of 0.3 to 0.9 m at 0.3-m intervals.

SPAD Chlorophyll Meter
Reading and Specific Leaf Area
In each plot, five plants were randomly selected to record
SCMR and SLA at 52, 67, 82, and 97 DAS following the pro-
cedure described by Nageswara Rao et al. (2001). Briefly, the
second fully expanded leaves were detached from the chosen
plants between 8:30 and 9:30 a.m. and brought to the labora-
tory in zipped polythene bags for recording observations. The
SPAD chlorophyll meter (Minolta SPAD-502 m, Tokyo, Japan)
reading was recorded twice on each leaflet of the tetrafoliate leaf
along the midrib. In recording the SCMR, care was taken to
ensure that the SPAD meter sensor fully covered the leaflamina
and that interference from veins and midribs was avoided.
After recording SCMR, the leaf area of all five sampled
plants was measured with a leaf area meter (LI 3100C Area
Meter, LI-COR Inc., Lincoln, NE) after which leaves were
dried in an oven at 80°C for at least 48 h to determine the leaf
dry weight. Immediately after drying, the leaves were weighed
and the SLA was derived as leaf area per unit leaf dry weight
(cm? g™). The SLA was calculated using the following formula:

pericarp color), number of seed per pod and 100 seed weight
were also recorded at final harvest.

Harvest index was computed by the following formula:
HI = total pod weight at the final harvest/total biomass at the
final harvest.

Drought tolerance index (DTI), as suggested by Nautiyal et al.
DTI (BIO)—and pod yield—
DTTI (PY)—as the ratio of each parameter under stressed treat-
ments (2/3 AW) to that under well-watered (FC) condition.

(2002), was calculated for biomass

Statistical Analysis

Individual analysis of variance was performed for each year fol-
lowed a split-plot design (Gomez and Gomez, 1984). Homo-
geneity of variance was tested for all characters and combined
analysis of variance of 2-yr data was performed. Calculation
procedures were conducted using MSTAT-C package (Bricker,
1989). Because water regime X genotype interaction was signifi-
cant, each water regime was analyzed separately according to a
randomized complete block design (Gomez and Gomez, 1984).

Estimates of broad-sense heritability for the four crosses
were calculated by partitioning variance components of family
mean squares to pooled environmental variance (6?,) and geno-
typic variance (6°.), and then broad-sense heritability estimates
(?,) were calculated as follows (Holland et al., 2003):

h?, = 6°./6%,

0%, = 0%, + 0 /e + & /re
where 6%, is genotypic variation, 82, is phenotypic variation, ris
number of replications, and e is number of environments. The
standard error of heritability (Singh et al., 1993) for drought
resistance traits was calculated to give a measure of the preci-
sion of the estimate.

Because the evaluation of heritability estimates was conducted
in late generations (F, and F) of segregating materials when most
genes were nearly fixed in individual genotypes, it would be
expected that additive genetic variances for the traits under study
were fixed through generation advance (Holland, 2001).

Phenotypic and genotypic correlations between drought

resistance traits and agronomic traits were calculated following
the methods of Falconer and Mackay (1996) as follows (Table 1):

Phenotypic correlation (r,) = (M*,M,)/[(M*,) (M,)] ">
Genotypic correlation (r,) = (M*,M, — M*,M,)/

SLA = leaf area (cm?)/leaf dry weight (g). [(M*, — M*,) (M, — M,)] "2
Agronomic Traits
For each plot, three rows with 2.8 m in length Table 1. Analysis of variance of cross and cross product.
(4.2 m? were harvested at maturity (RS8) Mean s

) quare
(Boote, 1982), and their pods were removed  Source of df of character MCP* EMS? EMCPt
before taking fresh shoot weight in the field. A~ variation x vy
2-kg random sample of shocl)ts was oven-dried {7 ) V
at 80°C for 48 h and dry weight was measured. Rep. within Y Y(r— 1)f
Shoot dry matter content was then calculated Families (F) . - v M M. 62 4 162+ rob%. B 1B +1ab
and used in determining shoot dry weight for a J 8 AR FE FoUEET OFEFET CORF
plot. Pod yields were weighed after air drying Py F=Dr-n M, M, MM, 8% + 6% Ot Mpere
to approximately 8% moisture content. Pooled eror  Yir—1)F - 1) M, M, MM, 8% dee

The number of mature pods per plant
(mature pods was separated from immature ©ross product.

pods, which were identified by dark internal

TMCP, mean square of cross product; EMS, expected mean square; EMCP, expected mean square of

*r, number of replications.
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where M* is mean square of character X and M is mean square
of character Y. Simple correlation was used to determine the
relationship between biomass, pod yield, and drought resistance
traits under well-watered and drought conditions to understand
whether the performance of peanut genotypes was consistent
across environments.

RESULTS AND DISCUSSION
Monitoring of Soil Moisture

Soil moisture was measured with a neutron moisture meter
at 7-d intervals until harvest (Fig. 2). The results showed
reasonable management of soil moistures. A clear distinction

among soil moisture levels was noted at 30 cm of soil depth.
Soil moistures at 90 cm depth were similar among treat-
ments because the amount of water applied in each treat-
ment was calculated for 0 to 60 cm. Visual wilting was
observed in the 2/3 AW treatment in the afternoon.

Combined Analysis of Variance

Combined analysis of variance showed significant differ-
ences among 140 progenies (P < 0.01) for biomass produc-
tion, podyield, and the drought surrogate traits HI, SCMR,
and SLA (Table 2). This indicated that genetic variation
exists for these characters and, thus, that heritability could
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Figure 2. Soil moisture volume fraction in two available soil water regimes [field capacity (FC), ®; and 2/3 available water (AW), (] at (a, b)
30 cm, (c, d) 60 cm, and (e, f) 90 cm of the soil level during the 2005-2006 and 2006-2007 dry seasons in Khon Kaen, Thailand.
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Table 2. Mean squares from the combined ANOVA for pod yield, biomass, and drought tolerance index for biomass, DTI (BIO),t
and pod yield, DTI (PY), and harvest index (HI) at harvest, SPAD chlorophyll meter reading (SCMR), and specific leaf area (SLA)
at 67 d after sowing under nonstressed (Non) and stressed (Stress) conditions of 140 peanut genotypes in the dry season of

2005-2006 and 2006-2007 in Khon Kaen, Thailand.

Source of Pod yield Biomass HI SCMR SLA

variation Non Stress DTI(PY) Non Stress DTI(BIO) Non Stress Non Stress Non Stress
Year (Y) 1 19.03 10.57** 017 209.41 39.11 0.49 0.00 0.04* 12.58 0.43 969.73  596.56
Rep. within Y 6 355 0.52 0.21 40.07 7.27 0.19 0.01 0.01 33.59  38.00 409.12 153.09
Genotypes (G) 139 295 247 0.39" 1498 14.60** 0.16** 0.08*  0.02** 5748 56.58"™ 12453  89.11**
Y xG 139 043" 0.10** 0.03 0.66 1.83 0.04 0.00 0.00* 2.79 2.48 11.68 517
Pooled error 834  0.09 0.07 0.03 0.78 1.73 0.04 0.00 0.00 4.08 3.58 14.04 777
*Significant at P < 0.05.
**Significant at P < 0.01.

fDTls were calculated by the ratio of stressed (2/3 available water)/nonstressed (field capacity) conditions.

be estimated. The interaction effects of Y X G were sig-
nificant (P < 0.01) for pod yield under well-watered and
2/3 AW conditions and significant (P < 0.05) for HI under
2/3 AW condition. In theory, pod yield is a complex trait
in which multiple genes are involved, and high G X E
interaction is expected (Wright et al., 1996). Based on low
coefficient of variation and high F-ratio from analysis of
variance, the best assessment times for SLA and SCMR
was determined to be 67 DAS.

Heritability of Drought Resistance Traits

Heritability estimates within four peanut crosses were cal-
culated for SCMR and SLA at 67 DAS, and for HI, DTI
(BIO), and DTT (PY) at harvest (Table 3). Heritability esti-
mates for HI, SLA, and SCMR were high for all four pea-
nut crosses under both nonstressed and stressed conditions,
ranging from 0.81 to 0.97. Drought tolerance indexes for
pod yield and biomass showed lower heritability estimates
than those for pod yield and biomass themselves under
nonstressed and stressed conditions. Heritability estimates

for BIO and PY varied from 0.73 to 0.98, and DTT (BIO)
and DTT (PY) varied from 0.54 to 0.96.

Most characters had similar heritability estimates when
compared between different water levels. This should make
selection for drought tolerance easier. However, DTT is
still useful in explaining how some genotypes had higher
pod yield under drought. Previous reports on inheritance
of drought resistance traits suggested a predominant role
of additive gene effects in SLA and HI inheritance (Nigam
et al., 2001; Surihan et al., 2005). In early generations (F,
and F,), Cruickshank et al. (2004) reported that broad-
sense heritability of transpiration, TE, and HI were varied
among peanut crosses and traits depending on levels of
genetic variation in parents. Information on heritability
of drought resistance traits [DTI (BIO), DTI (PY), HI,
SCMR, and SLA)] under both stressed and nonstressed are
needed for predicting progress from selection. Most of the
drought resistance traits in our study had high heritabil-
ity estimates, indicating that breeding progress could be
achieved for these characters.

Table 3. Estimates of heritability with standard error for biomass (BIO), pod yield (PY), drought tolerance index for biomass,
DTIT (BIO), and pod yield, DTI (PY), and harvest index (HI) at harvest and specific leaf area (SLA) and SPAD chlorophyll meter
reading (SCMR) at 67 d after sowing of four crosses of peanut under stressed and nonstressed conditions in the dry seasons

of 2005-2006 and 2006-2007 in Khon Kaen, Thailand.

Heritability
Cross
BIO PY DTI (BIO) DTI (PY) HI SLA SCMR
Stressed
ICGV 98308 x ‘KKB0-3’ 0.94 + 0.06 0.983 + 0.07 0.983 + 0.07 0.86 + 0.1 0.94 + 0.05 0.93 +0.07 0.89 +0.10
ICGV 98308 x ‘Tainan 9’ 0.81 +0.16 0.95 + 0.05 0.54 +0.25 0.92 +0.07 0.89 +0.08 0.81 £0.15 0.96 + 0.03
ICGV 98324 x ‘KKB0-3’ 0.73 +0.20 0.983 + 0.07 0.67 + 0.21 0.87 + 0.11 0.95 + 0.04 0.91 +0.08 0.92 + 0.08
ICGV 98324 x ‘Tainan 9’ 0.96 + 0.04 0.97 £ 0.038 0.86 £ 0.12 0.96 + 0.03 0.89 +0.08 0.95 +0.05 0.96 + 0.04
Nonstressed
ICGV 98308 x ‘KK60-3’ 0.89 +0.12 0.91 £ 0.08 - - 0.94 +0.04 0.83 +0.15 0.89 + 0.11
ICGV 98308 x ‘Tainan 9’ 0.98 +0.02 0.98 + 0.02 — — 0.97 + 0.02 0.91 + 0.09 0.97 + 0.02
ICGV 98324 x ‘KKB0-3’ 0.983 + 0.07 0.93 + 0.06 — — 0.92 + 0.06 0.91 + 0.09 0.90 + 0.08
ICGV 98324 x ‘Tainan 9’ 0.98 + 0.02 0.98 + 0.01 — — 0.96 + 0.03 0.95 + 0.05 0.96 + 0.04

fDTls were calculated by the ratio of stressed (2/3 available water)/nonstressed (field capacity) conditions.
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Genotypic Correlation among

Drought Resistance Traits

Phenotypic and genotypic correlations provided similar
information in this study, and only genotypic correlations
are reported. Strong and negative genotypic correlations
were found between SLA and SCMR under both stressed
and nonstressed conditions (—0.61, P < 0.01, and —0.66,
P < 0.01, respectively) (Table 4). In previous studies, the
simple correlation between SLA and SCMR was reported
under nonstressed conditions (Wright et al., 1994; Nag-
eswara Rao et al.,, 2001; Upadhyaya, 2005) and end-of-
season drought conditions (Nigam and Aruna, 2008).
In this study, we evaluated material in both stressed and
nonstressed conditions in the same trials. Our finding
show that genotypic and phenotypic correlations between
SLA and SCMR were consistent under both FC and 2/3
AW conditions. The results show consistency of SLA and
SCMR in a wide range of soil water levels and drought
conditions. Drought tolerance index for pod yield had
strong and positive genotypic correlation with DTT (BIO)
(0.69, P < 0.01). Harvest index was quite low correlated
with DTI (PY) under stressed condition (0.37, P < 0.01)
and also was correlated with SCMR both under drought
and well-watered conditions (0.13, P < 0.01, and 0.33, P <
0.01, respectively).

Genotypic Correlation between

Drought Resistance Traits and Yield

and Yield Components

Genetic correlations between drought resistance traits
and yield and yield components provide information on
expected responses in yield and yield components from
selection for drought resistance traits. High genotypic cor-
relations were found for HI and PY under drought (0.76,
P < 0.01) and nonstressed (0.79, P < 0.01) conditions, and
for HI with the number of mature pods per plant under
both stressed and nonstressed treatments (0.62, P < 0.01,
and 0.49, P < 0.01, respectively) (Table 5). The genotypic
correlations between HI and seed size were also moderate
and positive under both stressed and well-watered condi-
tions (0.50, P < 0.01, and 0.47, P < 0.01, respectively). The
surrogate traits for WUE (SLA and SCMR) (Wright et
al., 1994; Nageswara Rao and Wright, 1994; Sheshshayee
et al., 2006) had low correlation with pod yield. However,
SCMR had higher genotypic correlations with PY, BIO,
and other agronomic traits under both stressed and well-
watered conditions than did SLA. SCMR showed quite
low positive correlations with biomass (0.18; P < 0.01)
and pod yield (0.21; P < 0.01) under stressed and mod-
erate positive correlations with BIO (0.41; P < 0.01) and
PY(0.51; P < 0.01) under well-watered conditions. SPAD
chlorophyll meter reading was moderate positively cor-
related with seed size under stressed (0.43, P < 0.01) and
well-watered (0.48; P < 0.01) conditions. DTT (BIO) and

Table 4. Genotypic (r;) correlation estimates among drought
resistance traits for all four peanut crosses of 140 genotypes
in the dry seasons of 2005-2006 and 2006-2007 in Khon
Kaen, Thailand (df = 556).F

Nonstressed
SCMR SLA HI

Stressed
DT (PY) SCMR SLA HI

DTI(BIO) 0.69* -0.34" 0.05 0.06 - — —
DTI (PY) -0.28 0.06 037 — — —
SCMR -0.61" 0.13** -0.66™ 0.33*
SLA 011~ -0.10"

*Significant at P < 0.05.
**Significant at P < 0.01.

TDTI, drought tolerance index; BIO, biomass, PY, pod yield, SCMR, SPAD chloro-
phyll meter reading; SLA, specific leaf area; HI, harvest index.

#DTIS were calculated by the ratio of stressed (2/3 available water)/nonstressed
(field capacity) conditions.

Table 5. Genotypic (r;) correlation estimates between drought
resistance traits and agronomic traits for all four peanut
cross of 140 genotypes in the dry seasons of 2005-2006 and
2006-2007 in Khon Kaen, Thailand (df = 556).

Drought Agronomic traits
resist_ance BIO pY St_aed No. mature Seed/
traits size pods/plant pod
Stressed
DT (BIO) 0.47** 0.34* 0.01 0.34* 0.29**
DTI (PY) 0.52** 0.57* 0.25 0.45* 0.14*
SCMR 0.18* 0.21* 0.43* -0.20** -0.04
SLA 0.07 0.07 0.06 0.04 0.10*
HI 0.19** 0.76** 0.50** 0.62** 0.16**
Nonstressed
SCMR 0.41** 0.51* 0.48** 0.02 0.24**
SLA 0.01 -0.09* -0.12** 0.02 0.06
HI 0.01 0.79** 0.47** 0.49** 0.26™*

*Significant at P < 0.05.
**Significant at P < 0.01.

TDTI, drought tolerance index; BIO, biomass, PY, pod yield, SCMR, SPAD chloro-
phyll meter reading; SLA, specific leaf area; HI, harvest index.

DTl were calculated by the ratio of stressed (2/3 available water)/nonstressed (field
capacity) conditions.

DTI (PY) had moderate positive correlations with bio-
mass (0.47, P<0.01, and 0.52, P < 0.01, respectively), with
pod yield (0.34, P<0.01, and 0.57, P < 0.01, respectively),
and with number of mature pods per plant (0.34, P < 0.01,
and 0.45, P <0.01, respectively) under drought conditions.
SPAD chlorophyll meter reading and SLA were strongly
and negatively correlated at all evaluation dates (data not
shown), and this association was relatively stable across
environments (stressed and well-watered).

Among drought resistance traits [DTI (BIO), DTI
(PY), HI, SCMR and SLA], HI had the highest correla-
tion with PY, but the measurement of HI was more dif-
ficult, laborious, and costly than that of PY. Also, genetic
correlations between SCMR and PY and HI were low.
However, these traits have lower G X E interaction than
do yield (Wright et al., 1996). It would be possible to
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improve yield by selecting for high HI and SCMR. The
SCMR i1s an indicator of the photosynthetically active
light-transmittance characteristics of the leat and posi-
tive correlated with chlorophyll content (Akkasaeng et al.,
2003) and chlorophyll density (Arunyanark et al., 2008)
and WUE (Sheshshayee et al., 2006).

Nonetheless, the integration of physiological traits (or
their surrogates) in the selection scheme would be advanta-
geous in selecting genotypes that are more efficient water
utilizers (SCMR [surrogates trait|) or partitioners of pho-
tosynthates into economic yield (HI) (Nigam et al., 2005).
The SPAD chlorophyll meter provides an easy opportu-
nity to integrate a surrogate measure of WUE with PY,
in the selection scheme of a drought resistance breeding
program in peanut.

Relationship of Drought Resistance

Traits under Well-Watered versus

Drought Conditions

A comparison of drought resistance traits under well-
watered versus drought conditions should provided a
better understanding of the most suitable conditions for
selecting drought resistant genotypes. Significant cor-
relations between traits under stressed and nonstressed
conditions were found in all four peanut crosses for HI,
SCMR, SLA, PY, and BIO (Table 6), indicating that the-
ses traits could be selected either under well-watered or
water-stressed conditions. As heritability estimates were
high under both well-watered and stress conditions and
the traits under different water regimes were correlated
well, it is advisable to first select peanut genotypes under
well-watered conditions in large early segregating popula-
tions because drought simulation is much more difficult;
later, the selections can be refined under both drought and
nonstressed conditions in advanced generations.

CONCLUSION

In summary, most traits measured in these four peanut
crosses had high heritability, indicating that breeding
progress should be possible. The results of the present study
indicated that harvest index, SPAD chlorophyll
meter reading, and specific leaf area observa-
tions can be recorded at both stressed and non-
stressed conditions. This gives peanut breeders
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